In a study of the blood of dogs after experimental intestinal obstruction) it has been shown that there is characteristically a fall in chlorides and usually a rise in the CO,-combinlng power of the plasma. It has been found that the increase in non-protein nitrogen noted by Tileston and Comfort,* Whipple, 8 and others does not begin until there is marked depletion of the blood chlorides. It has been shown also that the chemical changes in the blood after pyloric obstruction are identical with those following high intestinal obstruction.* Here the rise in non-proteln nitrogen is more marked and the toxemia more severe, due seemingly to a greater loss of chlorides through vomiting.
The loss of chlorides after obstruction is not accounted for by the loss through vomiting. A fall in chlorides and rise in CO, occurred in one patient in the entire absence of vomiting, in rabbits, which cannot vomit, and repeatedly in dogs in the absence of any significant loss of chlorides in the vomitus.
The increase in CO2-combining power of the plasma is due, we believe, to the utilization of the chlorine ion with the formation of sodium bicarbonate as a by-product. The level of sodium bicarbonate in the blood is variable and does not necessarily follow the course of the chlorides. The amount present in the plasma at any 1Haden, R. L., and Orr, T. G., J. :Exp. Med., 1923, xxxvii, 365 . * Tileston, W., and Comfort, C. W., Jr., Arch. Int. Med., 1914, xiv, 620. 3 Cooke, ] . V., Rodenbaugh, F. H., and Whipple, G. H., f. :Exp. Med., 1916, xxifi, 717. * Haden, R. L., and Orr, T. G., f. Exp. Med., 1923, xxxvii, 377. 55 56 PYLORIC AND INTESTINAL OBSTRUCTION time will depend upon several factors. The most important are (1) the rate of formation of bicarbonate; (2) the rate of excretion; (3) the neutralizing effect on the bicarbonate of acid bodies formed in the course of the intoxication; and (4) the availability of sodium chloride from which bicarbonate may be formed. The significance of the loss in chlorides has been discussed elsewhere. 1 It is known that the toxemia of intestinal obstruction is due to the action of some toxic agent, the source and nature of which are a matter of dispute. The poison causes a marked destruction of tissue protein. The clinical symptoms of toxemia parallel the tissue destruction. It is a question whether the toxemia may not be due to the absorption of the products of protein destruction rather than to the primary substance responsible for the protein destruction. The chlorides fall and are well depleted before there is evidence of much tissue destruction. This fact, together with the results of treatment, makes it seem probable that the behavior of the chlorides is in some way related to the action of primary toxic substances and that the chlorides have essentially a protective function. One conception of a protective action of the sodium chloride may be illustrated as follows: X + NaC1 + H2CO: = NaHCOa + X • HCI (toxic body) (non-toxlc body)
The utilization of the chloride ion as a protective measure might be explained in other ways, such as the formation of chlorine substitution products of the toxic body or bodies. It seems possible also that the chlorine ion or hydrochloric acid might be utilized by the cells as a means of defense.
If such conception be correct the sodium chloride is concerned primarily with the body responsible for the tissue destruction. When sodium chloride is provided after pyloric or intestinal obstruction the blood should show only a utilization of the chlorides and a rise in CO2-combining power of the plasma with no increase in nonprotein nitrogen.
The following experiments have been made to determine the effect of furnishing an ample supply of sodium chloride on the toxemia of pyloric and intestinal obstruction.
Method.
The animals have been kept in metabolism cages and given no food during the course of the experiment. All operations were done under ether anesthesia with aseptic technique. Water was allowed ad libitum. Blood for chemical analysis was obtained from the jugular vein before operation and at 24 hour intervals thereafter, until the experiment ended with the recovery or death of the animal.
The duodenum was obstructed by section about 8 inches from the pylorus and inversion of the cut ends. The obstruction was thus complete in every instance. No difficulty was experienced with peritonitis. The pyloric obstruction was accomplished by ligation with heavy tape. This could be easily released without danger of infection. When the pylorus was thus ligated, the obstruction was never found to be complete at autopsy. An opening large enough to allow insertion of a lead pencil was uniformly present.
The non-protein nitrogen, sugar, and creatinine have been determined by the method of Folin and Wu; 5 the CO2-combining power by the method of Van Slyke and Cullen; e urea nitrogen by the Van Slyke and CuUen modification of the Marshall method; 7 amino-acid nitrogen by the method of Folin; 8 uric acid by. Benedict's method; 9 the blood chlorides on the tungstic acid filtrate in the manner suggested by Gettler; 1° and the chlorides in the urine by a modified VolhardArnold method.
EXPERIMENTAL.
We have found that untreated pyloric obstruction is uniformly fatal in the dog. The animals die in 4 days on an average. All show a rapid fall in blood chlorides, an increase in the CO2-combining power of the plasma, and a rise in non-protein nitrogen in the blood.
Two dogs with the pylorus obstructed were given 50 cc. of 10 per cent sodium chloride solution subcutaneously at operation and daily thereafter. One dog lived 3 days, the other 4. The blood findings are shown in Table I . One dog showed no rise in non-protein nitrogen. Even with the large amount of salt given there was no rise Folin, O., and Wu, H., J. Biol. Chem., 1919 , xxxviii, 81. e Van Slyke, D. D., and CuUen, G. E., J. Biol. Chem., 1917 , xxx, 289. 7 Van Slyke, D. D., and Cullen, G. E., J. Am. Med. Assn., 1914 , lxii, 1558 . 8 Folin, 0., J. Biol. Chem., 1922 , li, 377. 9 Benedict, S. R., J. Biol. Chem., 1922 , li, 187. 10 Getter, A. 0., J. Am. Med. Assn., 1921 , lxxvii, 1652 in chlorides until shortly before death. The second dog showed some rise in non-protein nitrogen 48 hours after operation, but a later return to normal. Both dogs showed an elevation of CO~-combining power of the plasma. The other constituents of the blood showed no signifiObstruction of tke Pylorus. tion. The non-protein nitrogen continued to rise after the operation for the release of the obstruction. Two animals survived, but with a high level of non-protein nitrogen in the blood, a high nitrogen excretion in the urine, low blood chlorides, and a marked alkalosis. This seems to indicate that even with a relief of the obstruction, the toxic process continues and the animal is unable to recover its chemical equilibrium. The dogs surviving showed little healing of the wounds. One (No. 5) died of peritonitis arising in a wound infection on the 13th day. The other (No. 6) on the llth day showed a nonprotein nitrogen of 250 rng. per 100 cc. of blood, chloride of 270 mg., and CO2 of 72 volumes per cent. At this time 10 gin. of dry sodium chloride were given by mouth. The following morning the nonprotein nitrogen had dropped to 136 rag., the CO~-combining power was down to 61.6 rag., and the chlorides had risen to 410 rag. Unfortunately, at this point the animal died following an intravenous injection of 25 per cent sodium chloride solution. Two dogs with pyloric obstruction had the obstruction released 72 hours after the primary operation. One was given 50 cc. of distilled water, the other 50 cc. of 25 per cent glucose solution subcutaneously daily. Both dogs showed a rapid rise in non-protein nitrogen in marked contrast to those given a like amount of 10 per cent sodium chloride solution (Table I) . The blood findings are given in Table  III . At the time of release of the obstruction one dog had a nonprotein nitrogen of 105 rng. per 100 cc. of blood, the other of 76 rng. Both were given 50 cc. of 10 per cent sodium chloride solution subcutaneously at the time of the second operation. There was a rapid return of the blood to normal and complete recovery without further treatment. Both dogs showed a slight secondary rise in non-protein nitrogen. This rise has been observed in other treated animals and also in two patients. There is no obvious explanation for it.
Untreated duodenal obstruction in the dog is uniformly fatal. ~ The duration of life is 4 days on an average, although some animals live as long as 9 days. They show in the blood the same changes as those described as characteristic of pyloric obstruction.
Two dogs with the duodenum obstructed by section and inversion of the cut ends were treated after the obstruction had existed for 48 hours. The results are shown in Table IV . In one animal (No. 9) 
Blood Findings during Treatment with Sodium
Chloride.
Blood.
Amount per 100
Treatment.
50 cc. of 10 per cent NaCI subcutaneously.
Died following lateral anastomosis for relief of obstruction. 500 cc. of 3 per cent NaCI subcutaneously. 500 cc. of 2 per cent NaCI subcutaneously.
to normal within 48 hours after the treatment was begun. The dog died following a lateral anastomosis for relief of the obstruction. The second dog (No. 10), when the non-protein nitrogen had risen to 115 rag. per 100 cc. of blood, was given 500 cc. of 3 per cent sodium chloride subcutaneously and 500 cc. of 2 per cent sodium chloride 
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Amount per 100 cc.
• . the following day. The non-protein nitrogen fell to 50 mg. The animal died before an operation for relief of the obstruction was done. Two dogs with the duodenum obstructed by section and inversion of the cut ends were given 500 cc. of 0.85 per cent sodium chloride subcutaneously on the day of operation and each day thereafter until death. One lived 21 days, the other 28. The blood findings are given in Table V . One animal (No, 11) showed an increase in the non-protein nitrogen on the 3rd day after operation. Otherwise, this was practically within normal limits. The chloride of the blood remained below normal and there was a well marked alkalosis. The other animal (No. 12) showed a normal non-protein nitrogen throughout. Determination of the chlorides and CO2-combining power gave results similar to those obtained in Dog 11. Dog 11 was given Obstruction of the Duodenum. 89.25 gin. of NaC1 and excreted 53.67 gm. Dog 12 was given 119.00 gm. and excreted 89.25 gm.
One animal died of a terminal peritonitis from the rupture of an intussuscepted ileum. The other showed at autopsy an extensive intussusception of the ileum with extreme ulceration. 
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The question at once arose as to whether the effects obtained were due to the fluid alone, diuresis, or simply to some salt action. Three dogs after duodenal obstruction were given 500 cc. of distilled water subcutaneously each day. The blood findings are shown in Table VI . One animal lived 24 hours, one 48 hours, and the third 72 hours. It is obvious that fluid alone cannot account for the results obtained with physiological salt solution. The animals died more quickly than control animals given no treatment.
One dog was given 500 cc. of 2 per cent glucose solution subcutaneously daily. There was a rapid rise in non-protein nitrogen and death in 72 hours. Three dogs were given 500 cc. of 1 per cent sodium bicarbonate solution subcutaneously daily. One lived 10 days, the other 7 days, and the third 48 hours. The blood findings are shown in Table VII . The changes in the blood are similar to those found in untreated animals, except that the alkalosis was more marked. The two animals living longest showed extreme muscle stiffness, coarse muscle tremors, slow respiration, and purulent conjunctivitis with ulceration of the cornea. DISCUSSION. These experiments show that the administration of sodium chloride has a marked effect on the changes in the blood taking place after pytoric and intestinal obstruction in the dog. The toxemia can be prevented if the chloride be given at the onset of obstruction. Chloride is likewise valuable in combating the toxemia when given after the obstruction has existed long enough to produce marked chemical changes in the blood.
Since water alone and solutions of glucose or sodium bicarbonate have little or no effect in preventing the characteristic changes in the blood following pyloric or intestinal obstruction, the findings indicate that the sodium chloride is the active agent in the experiments reported. Excellent therapeutic results have been obtained when the chloride is given dry by mouth or in a concentrated solution.
It is, of course, necessary that an abundant supply of fluid be furnished. The fact is striking that dogs provided merely with fluid die more quickly than untreated animals. We have used the concentrated solution of sodium chloride simply to prove that the good results obtained are referable to this salt.
The chemical changes in the blood of dogs given physiological salt solution from the onset of obstruction are especially important. The administration of the solution appeared to prevent the protein destruction. However, a large portion of the chlorides was used up in some manner, and, simultaneously, alkalosis developed. These findings suggest that the presence of the chloride in some way affects the action of a primary toxic substance responsible for the nitrogen destruction. There is much to indicate that the toxemia is due to secondary products of protein destruction and not directly to the primary toxic body.
After the toxemia of obstruction is well developed, treatment is more difficult. At this time the chlorides are depleted. The object of the treatment should be to restore chlorides quickly and to maintain them at a normal level, while furnishing the maximum amount of fluid which the organism can handle. It is difficult to accomplish these ends with physiological saline, since about 1 gm. of sodium chloride per kilo of body weight must be given as an initial treatment.
The glucose solutions were of no specific value in combating the toxemia. Mayo u in a recent summary of the treatment of intestinal obstruction in man suggests only the use of glucose solution. The results of sodium bicarbonate administration in the present experiments are especially interesting. Dogs given sodium bicarbonate lived no longer and were in much worse physical condition at death than untreated animals.
Wound healing was good in animals given the chloride and poor in the other animals.
Hartwell and Hoguet showed in 1912 TM that a dog with complete duodenal obstruction could be kept alive for 3 weeks if the fluid lost by vomiting and by way of the kidneys was replaced with physiological salt solution. The control dogs died in 3 to 10 days. They considered these results as proof of their theory that the toxic symptoms of intestinal obstruction are due to tissue dehydration. They n Mayo, W. J., Surg., Gynec. and Obst., 1923, xxxvi, 112. 12 Hartwell, J. A., and Hoguet, J. P., J. Am. Med. Assn., 1912, lix, 82. gave the saline solution simply as a means of furnishing an isotonic fluid. They made no chemical studies on the blood or estimations of the chloride excretion in the urine. The excellent results obtained by them were no doubt due to the specific action of the sodium chloride.
Similarly MacCallum and his associates 1~ have shown that the symptoms following obstruction of the pylorus can be prevented by furnishing a large supply of chlorides. However, they attribute the symptoms to a loss of chlorides through vomiting, with alkalosis as a result. The chlorides were given merely to replace those so lost.
It should be emphasized that our purpose in giving the chloride is different from that of the investigators quoted. We believe that in the sodium chloride we are furnishing a direct protective factor.
It seems possible that other chlorides, other salts or combination of salts, may have a similar, perhaps better action. Further studies are under way to settle this point.
SUMMARY AND CONCLUSIONS.
Experiments to determine the effect of furnishing an ample supply of sodium chloride on the toxemia of pyloric and intestinal obstruction are reported.
A fall in chlorides is the first and seemingly most significant change to take place in the blood after pyloric and intestinal obstruction.
The chloride is apparently utilized by the body as a protective measure against the primary toxic substance.
Two dogs with pyloric obstruction were given 50 cc. of 10 per cent NaC1 subcutaneously daffy. One lived 3 days, the other 4. The blood showed little change, except a marked terminal rise in chlorides. Animals given a like amount of distiUed water or 25 per cent glucose showed the changes typical of untreated animals.
The obstruction of the pylorus was released in six dogs 48 to 72 hours after the initial operation. Two died within 24 hours after the second operation with a high non-protein nitrogen in the blood. Two survived but showed a high level of non-protein nitrogen in the blood and a high nitrogen excretion in the urine, low blood chlorides, and a marked alkalosis. One dog in such a state died on the i3th day from peritonitis, arising in a wound infection. The other showed a marked fall in non-protein nitrogen in the blood following the administration of 10 gm. of sodium chloride by mouth, but died following the intravenous injection of 25 per cent sodium chloride. Two animals were given 50 cc. of 10 per cent NaC1 subcutaneously, at the time of the second operation. The blood rapidly returned to normal and complete recovery followed.
Two dogs with the duodenum obstructed by section and inversion of the cut ends were treated with 10 per cent sodium chloride after the obstruction had existed for 48 hours and the characteristic blood changes had developed. The non-protein nitrogen returned to normal within 48 hours after treatment was begun. One dog died following a lateral anastomosis for relief of the obstruction. A second operation was not attempted in the other animal.
Two dogs in which the duodenum was obstructed by section and inversion of the cut ends were given 500 cc. of 0.85 per cent NaC1 subcutaneously on the day of operation and each day thereafter until death. One dog lived 21 days, the other 28. Both dogs showed a marked alkalosis, but never any rise in the non-protein nitrogen of the blood. The animals at autopsy showed intussusception of the ileum with extensive ulceration. In one there was a perforation and terminal peritonitis. The operation wounds healed normally.
Three dogs with section of the duodenum were given 500 cc. of distilled water every day. One died ill 24 hours, one in 48 hours, and the third in 72 hours. Autopsy showed no cause for death other than toxemia.
One dog with section of the duodenum was given 500 cc. of 2 per cent glucose every day. The blood showed a rapid rise in nonprotein nitrogen and carbon dioxide-combining power, and a fall in chlorides. The animal died 72 hours after operation.
Three dogs with section of the duodenum were given 500 cc. of 1 per cent sodium bicarbonate every day. One dog died in 72 hours, one lived 7 days, and the third lived 9 days. All developed a high non-protein nitrogen in the blood and two showed marked clinical symptoms of an alkalosis.
These results demonstrate that solutions of sodium chloride have a marked effect in preventing and comtrolling the toxemia of pyloric Dogs given an abundant supply of distilled water died more quickly than untreated control animals. Solutions of glucose have no spedtic value, and sodium bicarbonate solutions prolong life only a short while. Good therapeutic results have been obtained with very concentrated sodium chloride solutions, and with dry sodium chloride given by mouth.
It seems evident that sodium chloride has a specific action in preventing and possibly in controlling the changes produced by the toxic body.
Sodium chloride is a valuable therapeutic agent in pyloric and high intestinal obstruction.
